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licenses/by-nc-nd/4.0/).AIM: To assess the impact of introducing a chest radiograph reading and recording system
(CRRS) with a short training session, on the accuracy and inter-reader variability of tubercu-
losis (TB) interpretation of chest radiographs (CXRs) by a group of non-expert readers in a
human immunodeﬁciency virus (HIV)-positive cohort.
MATERIALS AND METHODS: A set of 139 CXRs was reviewed by a group of eight physicians
pre- and post-intervention at two clinics in Shan State, Myanmar, providing HIV/TB diagnosis
and treatment services. The results were compared against the consensus of expert radiolo-
gists for accuracy.
RESULTS: Overall accuracy was similar pre- and post-intervention for most physicians with
an average area under the receiver operating characteristic curve difference of 0.02 (95%
conﬁdence interval: e0.03, 0.07). The overall agreement among physicians was poor pre- and
post-intervention (Fleiss k¼0.35 and k¼0.29 respectively). The assessment of agreement for
speciﬁc disease patterns associated with active TB in HIV-infected patients showed that for
intrinsically subtle ﬁndings, the agreement was generally poor but better for the more
intrinsically obvious disease patterns: pleural effusion (Cohen’s kappa range ¼ 0.37e0.67) and
milliary nodular pattern (Cohen’s kappa range ¼ 0.25e0.52).
CONCLUSION: This study demonstrated limited impact of the introduction of a CRRS on CXR
accuracy and agreement amongst non-expert readers. The role in which CXRs are used for TB
diagnosis in a HIV-positive cohort in similar clinical contexts should be reviewed.
 2017 The Royal College of Radiologists. Published by Elsevier Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).edecins sans Frontieres, Plantage Middenlaan 14, 1018 DD Amsterdam, The Netherlands. Tel.: þ31 20 520
Kosack).
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C.S. Kosack et al. / Clinical Radiology 72 (2017) 519.e1e519.e9519.e2Introduction clinics, in Shan state, Myanmar, where this study wasTuberculosis (TB) is a major global health hazard. The
majority of reported cases are from low and middle income
countries. Immunosuppressed patients, such as those with
human immunodeﬁciency virus (HIV)/acquired immuno-
deﬁciency syndrome (AIDS), are particularly at risk with the
majority of these patients living in Asia and sub-Saharan
Africa.1
Conﬁrming TB in HIV-positive patients with microbio-
logical tests in resource-constrained settings is particularly
challenging due to higher rates of smear negative results,
difﬁculties in obtaining sputum specimens, limited access
to molecular testing, such as GeneXpert and mycobacterial
culture, and the time taken for culture results.2,3 In many
settings, a chest radiograph (CXR) remains the primary
diagnostic tool and provides an important contribution to
the combined criteria for diagnosing TB in this patient
group, and is therefore endorsed by the World Health Or-
ganization (WHO).4
The usefulness of CXRs in the diagnosis of TB, however, is
complicated by the non-speciﬁc presentation of the disease
in HIV-positive patients, andmore so if the technical quality
of the CXR is limited.5e7 CXR interpretation is prone to high
subjectivity, inter- and intra-reader variability and over-
reading, especially when read by less experienced, non-
expert readers, who are largely responsible for reporting
in resource-constrained settings.2,3,8e11
Aside from the provision of training, the use of a CXR
reading and recording system (CRRS), in prevalence studies
by non-expert readers, has demonstrated improvements
and satisfactory inter- and intra-reader agreement.12 CRRS
encourages a systematic approach to reporting using iden-
tical descriptive terms by all readers. The resultant data can
be used for follow-up and comparative studies. Thus, CRRS
could potentially improve the diagnostic clinical validity of
CXRs.10e12
The aim of the present study was to determine if the
introduction of a CRRS improves the interpretation accuracy
of CXRs for TB, by non-radiologist physicians, against
interpretation by expert radiologists, in an HIV-positive
cohort in a resource-constrained setting. Furthermore, a
further aimwas to assess whether the application of a CRSS
reduces the inter-reader variability of CXR interpretation, in
the group of non-radiologist physicians by comparing the
inter-reader agreement, before and after the intervention.Materials and methods
Study population
Myanmar has one of the highest TB burdens in the world
with an estimated 525 cases per 100 000 reported in 2010.13
In addition, the HIV/AIDS burden is among the most serious
in Asia, with an estimated 216,000 adults and children
living with HIV in 2011.14 A medical humanitarian non-
governmental organisation, supports the Lashio and Museconducted.
Study procedures
A sample of 139 CXRs was calculated from the receiver
operating characteristic (ROC) diagnostic accuracy table
proposed by Obuchowsky for area under the curve (AUC),
assuming an expected pre-intervention AUC for CXR
reading of 0.75, a 10% difference of AUC between post- and
pre-intervention, a 25% frequency of TB suggestive CXR, a
correlation of 0.47 between the pre- and post-intervention
measure and a 5% alpha risk and 80% power.15
The 139 CXRs were randomly selected from a total of 618
conventional screen-ﬁlm CXRs of HIV-infected adults who
came to either clinic for TB screening within the last 12
months. All CXRs were performed at external facilities, not
at the clinics. The result of smear microscopy was unknown.
TB culture or molecular testing for TB infection was not
available.
Eight non-radiologist physicians from Myanmar without
a specialisation, whosework currently includes interpreting
CXRs at either clinic were recruited. The physicians were
asked to record inwriting any radiological features detected
and whether the CXR was “normal”, “abnormal but not
suggestive of TB”, or “abnormal and suggestive of TB”. They
subsequently received a four-hour group training session on
CXR interpretation of TB and the application of the CRRS
(Fig 1). After a period of at least 1 month to avoid recall, the
CXRs were reported again in a random order utilising the
CRRS.
Reference standard
One hundred and thirty-nine CXRs were digitised
following standardised instructions for the digitisation of
ﬁlm images and sent via the internet to three consultant
radiologists, all with extensive experience of reading TB
ﬁlms. The CXRs were read digitally permitting the readers
any digital enhancement. The reference standard was the
consensus opinion of two independent, expert radiologists.
The third radiologist was consulted in the case of discrep-
ancies. CXRs were excluded from analysis if the consensus
was overall “poor quality” (Fig 1).16 All readers were blinded
to clinical ﬁndings, laboratory results, and any previous
diagnosis; however, all were aware that CXRs were from
patients with presumptive TB from a high prevalence area.
Data collection and statistical analysis
Data were collected from the CRRS forms and double-
entered using EpiData 3.1 software (EpiData, Odense,
Denmark) and analysis carried out using STATA version 13
(StataCorp, College Station, TX, USA).
The reference standard was classiﬁed as radiologically
“TB positive” if the expert consultant radiologists inter-
preted the CXR as “abnormal and TB suggestive” and “TB
negative” if interpreted as “normal” or “abnormal but not
TB suggestive”.
Figure 1 CXR reading and recording system.
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intervention CXR readings were compared against the
reference standard by plotting ROC curves and calculating
the AUCs using the non-parametric method. The equality of
ROC curves pre- and post-intervention per physician was
assessed using the ROCCOMP command in STATA and
overall equality assessed using the DBMMRMC 2.2 software
developed by Dorfman-Berbaum-Metz for multireader-
multicase ROC analysis of variance (ANOVA).17
A secondary accuracy analysis was performed after
collapsing non-radiologist physicians CXR readings to twocategories (i.e., “abnormal TB suggestive” versus “abnormal
not TB suggestive of TB” or “normal”). Sensitivity and
speciﬁcity of the readings were obtained pre- and post-
intervention. Further, a matched paired analysis using
McNemar’s test was performed to assess if each physicians’
sensitivity/speciﬁcity improved post-intervention. The
paired analysis included only CXRs with pre- and post-
intervention readings. To assess for heterogeneity of the
sensitivities and speciﬁcities of the pre- and post-
intervention readings, the R-package mada for meta-
analysis of diagnostic accuracy was used to calculate a
Figure 1 (continued).
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speciﬁcities.
The inter-reader agreement amongst radiologist and
non-radiologist physicians before and after the intervention
was assessed using the kappa statistic. Agreement was
deﬁned as two readings being either radiologically TB
positive or TB negative. To obtain an overall kappa value
pre- and post-intervention, Fleiss kappawas calculated. The
following interpretation was used to deﬁne the strength of
agreement for the kappa coefﬁcient18: <0.21 ¼ poor,
0.21e0.4 ¼ fair, 0.41e0.6 ¼ moderate, 0.61e0.8 ¼ good and
0.81e1.0 ¼ very good agreement.
The consensus opinion of the radiologists was also
compared to each physician for individual disease patterns:
broncho-pneumonic pattern/inﬁltration, lymphadenopa-
thy, consolidation, cavitation, pleural effusion, granuloma
oval lesion, miliary disease, and apical ﬁbrocystic change.Ethics statement
The study was formally approved by the Ethical Review
Board of the non-governmental organisation and the
Department of Medical Research at theMinistry of Health in
Myanmar. Participation was voluntary for physicians and
signed informed consent was obtained. CXRs were derived
from routine practice of patients with a diagnosis and were
subsequently anonymised. Patient informed consent was
not obtained but an information letter was provided at each
clinic.Results
Of the 139 CXRs, 13 had to be excluded from further
analysis either due to poor image quality (n¼4) or no
Table 1
Area under non-parametric (empiric) receiver operating characteristic (ROC)
curve.
NRP n Pre-Intervention Post-Intervention p-Valuea
AUC [95% CI] AUC [95% CI]
1 124 0.86 [0.79,0.92] 0.82 [0.75,0.89] 0.29
2 122 0.78 [0.70,0.85] 0.74 [0.66,0.81] 0.33
4 119 0.67 [0.59,0.75] 0.75 [0.67,0.82] 0.07
5 121 0.74 [0.65,0.82] 0.71 [0.63,0.80] 0.46
6 121 0.89 [0.83,0.94] 0.83 [0.76,0.90] 0.11
7 122 0.74 [0.65,0.82] 0.78 [0.70,0.86] 0.39
8 122 0.76 [0.68,0.84] 0.70 [0.61,0.79] 0.22
NRP, non-radiologist physician; n, number of chest radiographs; AUC, area
under curve; CI, conﬁdence interval
a p-Value from statistical test comparing equivalence of ROC curves using
STATA ROCCOMP command
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CXRs, 39 (31%) were classiﬁed as “abnormal TB suggestive”
and 87 (69%) as “normal” or “abnormal but not TB sugges-
tive”. The non-radiologists rated between 120 and 126
CXRs. Physician 3 did not complete the study and was
excluded from the analysis.
Accuracy
Individual ROC curves for each non-radiologist physician
pre- and post-intervention demonstrated similar and
overlapping curves (Fig 2). Each point corresponds to the
accuracy of each reading category against the reference
standard. ROC curves were compared by calculating the
AUC using the non-parametric method and the results are
displayed in Table 1. AUCs were similar pre- and post-
intervention, except for physician 4 where the AUC
increased from 0.67 to 0.75 (p¼0.07). Of the seven, physi-
cians 1 and 6 showed the greatest accuracy with AUCs
0.82 pre- and post-intervention. The average AUC differ-
ence was 0.02 (95% conﬁdence interval [CI]: e0.03, 0.07)
and this was statistically not signiﬁcant (p¼0.41).
The results of the diagnostic accuracy in the form of
sensitivity and speciﬁcity accounting for paired matching
are displayed in Table 2. Differences in sensitivity and
speciﬁcity between pre- and post-intervention were
assessed using McNemar’s exact test. Heterogeneity ofFigure 2 Non-parametric (empiric) ROC curves of non-radiolsensitivities/speciﬁcities for pre- and post-intervention
were signiﬁcant (p<0.01), meaning that there was varia-
tion amongst the physicians. Therefore, no pooled result is
represented.Inter-reader agreement
Cohen’s kappa was calculated after aggregating the
“normal” and “abnormal but not TB” categories (Table 3).
Physicians 1 and 6, and 6 and 8 had the highest level ofogist physician CXR readings pre- and post-intervention.
Table 2
Sensitivity and speciﬁcity pre- and post- intervention by physician: matched
data.
Pre-intervention Post-intervention Exact
McNemar
p-value
NRP 1 Sensitivity 64.1% 76.9% 0.23
Speciﬁcity 90.6% 75.3% <0.01
NRP 2 Sensitivity 89.5% 86.8% 1.00
Speciﬁcity 65.5% 59.5% 0.49
NRP 4 Sensitivity 81.1% 83.8% 1.00
Speciﬁcity 52.4% 62.2% 0.19
NRP 5 Sensitivity 69.2% 66.7% 1.00
Speciﬁcity 75.6% 69.5% 0.30
NRP 6 Sensitivity 88.9% 58.3% 0.01
Speciﬁcity 84.7% 90.6% 0.30
NRP 7 Sensitivity 70.3% 43.2% <0.01
Speciﬁcity 70.6% 89.4% <0.01
NRP 8 Sensitivity 69.2% 59.0% 0.34
Speciﬁcity 79.5% 73.5% 0.33
NRP, non-radiologist physician.
Table 3
Pair-wise unweighted Cohen’s kappa statistic comparing chest radiographs
rated as “abnormal TB” or “normal/abnormal not TB”.
Comparison Pre-intervention Post-intervention
Agreement
%
Cohen’s
kappa
Agreement
%
Cohen’s
kappa
Radiologist 2 vs radiologist 1 - - 61.6 0.18
NRP 2 vs NRP 1 67.5 0.36 62.8 0.27
NRP 4 vs NRP 1 58.1 0.22 70.8 0.42
NRP 4 vs NRP 2 64.5 0.29 63.3 0.26
NRP 5 vs NRP 1 67.5 0.27 66.7 0.32
NRP 5 vs NRP 2 68.3 0.37 63.6 0.28
NRP 5 vs NRP 4 58.9 0.20 67.2 0.35
NRP 6 vs NRP 1 79.4 0.53 71.4 0.37
NRP 6 vs NRP 2 69.1 0.39 64.1 0.31
NRP 6 vs NRP 4 66.1 0.35 66.7 0.35
NRP 6 vs NRP 5 69.1 0.34 65.8 0.24
NRP 7 vs NRP 1 71.2 0.38 65.6 0.22
NRP 7 vs NRP 2 68.8 0.38 56.7 0.17
NRP 7 vs NRP 4 70.7 0.43 67.0 0.35
NRP 7 vs NRP 5 65.6 0.29 65.6 0.23
NRP 7 vs NRP 6 71.2 0.40 78.0 0.36
NRP 8 vs NRP 1 75.4 0.44 66.4 0.30
NRP 8 vs NRP 2 60.3 0.22 66.7 0.35
NRP 8 vs NRP 4 66.9 0.36 64.4 0.29
NRP 8 vs NRP 5 73.0 0.42 65.3 0.28
NRP 8 vs NRP 6 78.6 0.54 75.2 0.43
NRP 8 vs NRP 7 70.4 0.38 66.7 0.20
All physicians 0.35a 0.29a
TB, tuberculosis; NRP, non-radiologist physician; vs, versus.
a Fleiss kappa
C.S. Kosack et al. / Clinical Radiology 72 (2017) 519.e1e519.e9519.e6agreement (kappa >0.5) and physicians 5 and 4, the lowest
(kappa 0.2). The agreement between the ﬁrst two radiolo-
gists on result/diagnosis was low (61.6%). The overall kappa
statistic (Fleiss kappa) statistic showed poor agreement pre-
intervention (k¼0.35) and even worse agreement post-
intervention (k¼0.29; Table 3).
Agreement for speciﬁc disease pattern
Agreement for each speciﬁc disease patternwas assessed
separately. A speciﬁc disease patternwas deﬁned as presentif one or more physicians or radiologists identiﬁed the
disease pattern in at least one zone in the CXR. Agreement
was deﬁned if at least one radiologist and at least one
physician identiﬁed a speciﬁc disease pattern as present.
The agreement between each physician and the radiologist
consensus, for speciﬁc disease patterns for subtle
ﬁndings was generally poor but better for the more obvious
disease patterns: pleural effusion (88.1e92.9%; k range ¼
0.37e0.67) and miliary pattern (91.3e96.8%; k range ¼
0.25e0.52; Table 4).Discussion
CRRS was originally designed for prevalence studies
and, by its design, does not lead the reader directly to a
radiological diagnosis in order not to bias the ﬁnal
outcome.11,12 When boxes are ticked for each particular
disease presentation (e.g., inﬁltration, cavitation, and dis-
tribution zones), there is no intrinsic algorithm of disease
patterns leading the user to a ﬁnal radiological diagnosis.
The user still has to subjectively decide the ﬁnal radio-
logical diagnosis based on his/her ﬁndings, experience, and
knowledge. In the absence of a speciﬁc agreement between
all readers, prior to using CRRS, on which ﬁndings consti-
tute a positive radiological ﬁnding of TB, individual readers
may agree on the disease presentation and distributable
zone, but end up with a different ﬁnal diagnosis. Alterna-
tively, they could disagree on the individual disease ﬁnd-
ings yet still end up with the same ﬁnal radiological
diagnosis.
In the present study, most physicians had a reasonable
level of sensitivity and speciﬁcity pre-intervention. No in-
crease in accuracy was detected for the physician group as a
whole. Other trials have produced mixed results: from
limited improvement,19 to improvement in sensitivity, but
not speciﬁcity, for non-expert readers using a CXR image
reference set rather than a CRRS tick sheet.20
The inter-reader agreement of the physicians decreased
slightly post-intervention. Thus, in this setting, the intro-
duction of the CRRS and a short training module actually
had a negative impact on the inter-reader agreement. Pre-
vious studies that have examined agreementwith the use of
a CRRS showed varying results but none as poor as in the
present study.12,21
The agreement between each physician and the radiol-
ogist consensus for speciﬁc disease patterns for subtle
ﬁndings (i.e., broncho-pneumonic pattern, consolidation,
and granuloma oval lesion) was generally poor, but the
agreement was higher for the more obvious disease pat-
terns (i.e., pleural effusion, miliary pattern). These results
highlight the problem that physicians show little agree-
ment on the speciﬁc radiological signs of TB and tend to
over-diagnose subtle CXR ﬁndings compared to expert
readers. The fact that CRRS has no intrinsic algorithm to
guide the reader from individual disease patterns to the
ﬁnal radiological diagnosis likely adds to this issue and
may in part explain why the intervention did not lead to an
increase in accuracy, despite supporting a more systematic
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in the study cohort seems to have led physicians to as-
sume any abnormalities, real or perceived, being sugges-
tive of TB. This could also explain the high sensitivity of
the physicians.
Expert radiologists were used as the reference stan-
dard. More accurate TB diagnostic tools, such as TB culture
or GeneXpert (MTB/Rif) tests, were not available at the
study site, a common scenario in resource-constrained
settings. The radiologists themselves had poor agree-
ment and the poor quality of the CXRs no doubt contrib-
uted to the lack of agreement amongst all readers. CXR
interpretation in TB diagnosis has well known limitations,
even among experts with better-quality images, the re-
sults vary in the literature. Rarely do studies demonstrate
an agreement more than “good” for overall diagnosis or
speciﬁc disease patterns. Most studies, actually ﬁnd only a
“fair” to “moderate”, sometimes “good” inter-reader
agreements.6,8,9,11,12,19e25
A potential limitation of the present study was that the
majority of the CXRs were marked as “not good but
readable” by the expert radiologists, suggesting that out-
comes may have been different if ﬁlm quality had been
better. Many of the images showed signiﬁcant radio-
graphic errors from poor acquisition and processing
techniques, which is not uncommon in resource-
constrained settings (Fig 3). The overall poor quality of
CXRs compounds the difﬁculty of interpreting subtle
ﬁndings in particular, which no doubt contributed to the
lack of agreement between all readers including the ex-
perts; however, this unfortunately reﬂects the reality in
many similar settings, and it is neither practical nor real-
istic in a study such as this to simply rate all images with
errors as “poor and unreadable”. It could therefore also be
viewed as a strength of this study. It also reinforces the
well-known limitations of poor-quality CXRs.
A further limitation was that the physicians viewed the
original CXR on a light box, while the expert group
reviewed digitised copies. This is both an advantage and
disadvantage for readers; there is a reduction in resolution
on the digitised copies, but digitised copies allow for
computer manipulation to improve visualisation. Two
previous studies comparing traditional ﬁlm CXRs report-
ing to digitised copies suggest largely comparable
results.24,25
In conclusion, accurate reporting of CXRs for TB is a
complex and challenging task. This is especially true, even
amongst expert readers, in HIV-positive patients with
presumptive TB in resource-constrained settings where
suboptimal CXR quality is common. In the present study,
the impact of a short training session and the introduction
of a CRRS did not show an increase in average overall
interpretation accuracy among a group of non-radiologist
physicians. It actually decreased the level of agreement
post-intervention. The use of poor quality CXRs in TB
diagnostic algorithms in such circumstances should be
questioned: it could be adapted to focus only on identi-
fying a normal ﬁlm and easily recognisable disease pat-
terns, such as pleural effusions, or else be discontinued.
Figure 3 Suboptimal CXR imageexamples. (a) CXRL226marked as “normal”byone radiologist and as “TB suggestive”byanother radiologist. Itwas
also rated in terms of image quality: “good”, “not good but readable”, and “poor” by three different radiologists. (b) CXRM43marked “normal” and
“TB suggestive” by two different radiologists. The third radiologists marked it too poor to evaluate. (c) CXR L398 was marked as a cavitation in
distribution zone 4, and “TB suggestive” by the ﬁrst two radiologists, both who also rated it as “not good but readable” in terms of image quality.
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